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[57] ABSTRACT 

White, yellow, and cyan color filters are superposed in 
rows and columns on picture elements of a solid-state 
color imaging apparatus. In each recurring cycle of 
four-row and two-column filters, the green component 
of light is transmitted through all filters. 
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COLOR OUTPUT SIGNALS 
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SINGLE - PLATE COLOR IMAGING DEVICE 
FIG, 5 (PRIOR ART) 
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tion and four picture elements in the vertical direction, 
COLOR FILTER ARRA NGE MENT COMPRISING each horizontal row includes at least one picture ele- 
TRANSPARENT OR WHITE FILTERS FOR SOLID ment giving the red signal and at least one picture ele- 
STATE COLOR IMAGING APPARATUS ment giving the blue signal. 

5 The features and advantages of this invention will be 
This application is a continuation of application Ser. understood from the following detailed description of a 
No. 07/246,899, filed 9/16/88, which was a continua- preferred embodiment, taken in conjunction with the 
tion of Ser. No. 07/105,967, tiled 10/2/87, which was a accompanying drawings, wherein: 
continuation of Ser. No. 07/008,093, filed 1/23/87, FIG. 1 is a schematic plan view of an interline trans- 
which was a continuation of Ser. No. 06/590,693, filed 10 fer CCD imaging element; 

3/19/84, all now abandoned. FIG. 2 is a diagram schematically showing the read- 

This invention relates to a solid-state color imaging out of signal charges in the interline transfer CCD imag- 
apparatus. ing element in a field storage mode; 

A filter is described herein as being transparent or * FIG. 3 is a schematic partial plan view showing the 
white when it passes visible light and appears transpar- 15 arrangement of color filters and the mutual relation- 
ent to the human eye. ships between the color filters and picture elements in a 

An interline transfer CCD imaging element (herein- conventional color imaging apparatus; 
below, abbreviated to "IL-CCD imaging element**) FIG. 4 is a diagram schematically showing the out- 
comprises a plurality of picture elements arrayed regu- puts of respective color signals from an interline trans- 
larly in both a horizontal direction and a vertical direc- 20 fer CCD imaging which is furnished with the color 
tion. Vertical CCD registers transfer, in the vertical filters in FIG. 3; 

direction, signal charges which are photoelectrically FIG. 5 is a schematic block diagram of a single-plate 
converted by and stored in the picture elements. At the type color imaging device; 

end of the vertical column, a horizontal CCD register FIG. 6 is a schematic partial plan view showing the 
transfers them in the horizontal direction to an output 25 arrangement of color filters and the mutual relation- 
portion, ships between the color filters and picture elements in 
The IL-CCD imaging element is capable of two sorts accordance with a first embodiment of this invention; 
of read-out operations which are a frame storage opera- FIG. 7 is a diagram schematically showing the out- 
tion in which the signal charges stored in the picture puts of respective color signals from the first embodi- 
elements are read out during every frame period, and a 30 ment; 

field storage operation in which they are read out dur- FIGS. 8, 9, 10, 11, 12 and 13 are schematic partial 
ing every field period. The field storage operation re- plan views showing the arrangements of color filters 
quires a half of the frame storage time, and gives a lesser and the mutual relationships between the color filters 
feeling of afterimage. For this reason, the development and picture elements in accordance with the second to 
of a single-plate color imaging device for effecting the 35 seventh embodiments of this invention; 
field storage operation is being promoted. FIGS. 14, 18 and 19 are diagrams each showing the 

In color imaging by the use of the IL-CCD imaging spectral characteristics of color filters; 
element, the color dispersion images of a subject are FIG. 15 is a diagram schematically showing the out- 
formed by color filters. The color dispersion images are puts of respective color signals from an interline trans- 
picked up by the EL-CCD imaging element The output 40 fer CCD imaging apparatus according to the seventh 
signals of the IL-CCD imaging element are processed, embodiment; and 

thereby to obtain chrominance and luminance signals. FIGS. 16 and 18 are schematic partial plan views 
A conventional IL-CCD color imaging apparatus each showing the arrangement of color filters and the 
having a conventional color filter has a disadvantage, to mutual relationships between the color filters and pic- 
be described below. A row of the color filter is a repeti- 45 ture elements in a solid-state imaging apparatus accord- 
tion of yellow (Ye) and light transmitting film green ing to the eighth and ninth embodiments of this inven- 
(G), which produce no signal for blue light This ab- tion. 

sence of a blue signal has led to the disadvantage that, First, a conventional CCD color imaging apparatus 
even when a blue linear image falls on the picture ele- will be described with reference to FIGS. 1 through 5. 
ments of the row, the corresponding signal is not in- 50 A conventional IL-CCD imaging element (FIG. 1) 
eluded in the output signal of the IL-CCD imaging comprises picture elements 1 arrayed regularly in a 
element. horizontal direction and a vertical direction. Vertical 

More specifically, the color filters have the recur- CCD registers 2 transfer, in the vertical direction, signal 
rence cycles of two picture elements in the horizontal charges which are photoelectrically converted by and 
direction and four picture elements in the vertical direc- 55 stored in the picture elements 1. At the ends of the 
tion. In the resulting recurrence unit of eight picture vertical columns, a horizontal CCD register 3 transfers 
elements, there are only two picture elements which them in the horizontal direction, to an output portion 4. 
give the blue signal. There are also only two picture Arrows are used in FIG. 1 to indicate the transfer direc- 
elements which give the red signal. This has led to the lions of the signal charges. 

disadvantage that, when a fine pattern in red or blue 60 FIG. 2 schematically illustrates the field storage op- 
appears in a picture, a faithful output signal is not ob- eration. Rows in the horizontal direction are succes- 
tained. sively marked 1|, h, bi • • • > U • - • » beginning with a 

It is, therefore, an object of this invention to provide certain row. In odd-numbered fields, the signal charges 
a solid-state color imaging apparatus capable of produc- are first transferred to the vertical CCD registers 2 from 
ing faithful output signals even for very fine patterns. 65 the picture elements corresponding to lines or rows h> 

According to this invention, there is a solid-state U, U, lg The signal charges corresponding to one 

color imaging apparatus. In the array of the recurrence picture element are subsequently shifted by the shift 
cycles of two picture elements in the horizontal direc- operation of each vertical CCD register 2. Further, the 
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signal charges are transferred to the vertical CCD regis- 
ters 2 from the picture elements corresponding to lines 

or rows, h, I3, 15, 17, As a result, the signal charges 

of the picture elements corresponding to lines or rows 
h, U, 16, 1& • • • are respectively added with the signal 
charges of the picture elements corresponding to lines 
or rows 1|, I3, Is, I7, ... in the vertical CCD registers 2. 
The signal charges of each of the lines or rows U + h. 
b+U. ls+U, b-hla • . • are added and used as a signal for 
one horizontal period. 

In even-numbered fields, the combinations of the 
rows of the picture elements in the horizontal direction 
which are to be added in the vertical CCD registers 2 

are changed into lines or rows I2+I3, U+ls. h+h 

The combinations of the two respectively adjacent 
rows in the vertical direction are changed every field, in 
this manner, thereby performing an interlaced opera- 
tion. 

In color imaging by the use of the IL-CCD imaging 
element, as stated above, the color dispersion images of 20 
a subject are formed by color filters. The color disper- 
sion images are picked up by the IL-CCD imaging 
element. The output signals of the IL-CCD imaging 
element are processed, to obtain chrominance signals 
and luminance signals. 

FIG. 3 is a schematic partial plan view showing the 
color arrangement of the color filters as used in a con- 
ventional single-plate color imaging apparatus of the 
field storage operation also showing the mutual rela- 
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That is, the output signal Sfli+h) of lines or rows 
I1+I2 is indicated by the following equation: 

£+2G+| R + l Boos «/+ 1 R cos at 

In the output signal of lines or rows I3+I4. the blue 
signal is modulated in the opposite phase and the red 
signal is modulated in the same phase, with respect to 
the corresponding signals in the output signal of lines or 
rows Ii+h. The output signal SO3+I4} of lines or rows 
I3+I4 is indicated by the following equation: 

S03+U=i B+2G+I * -I £co6 <o/+ ft R cos at 

The outputs SO2+I3} and S{l4+ls} of other fields 
are indicated by the following equations: 

S{tz+I}}=l B+lG+i R + l Bcoa tat+l R cos tat 
S{U+h}-l B+2G+k R-k Jcos oi/+J R cos of 

In the horizontal scanning period of lines or rows h+h 
and the scanning period of lines or rows U+I5, the blue 
signals are modulated in the opposite phases, and the 
red signals axe modulated in the same phases. 

FIG. 5 is a schematic block diagram of the single- 
phase type of color imaging device. The output signal 
of the IL-CCD imaging element 6 is derived from the 
color filters 5, which are arrayed as stated above. The 
output signal is passed through a low-pass filter 7 in 



tionships between the color filters and the picture ele- 30 ^ t0 ^oye^nodutotkra components and to 



ments. 

Referring to FIG. 3, the plurality of picture elements 
1 are regularly arranged in the horizontal direction and 
in the vertical direction. The color filters are formed on 
the respective picture elements 1. The letters Ye, Cy 35 
and G indicate the color filters for yellow, cyan and 
green, respectively. The yellow color filter transmits 
red and green light, while the cyan color filter transmits 
blue and green light The color filters are arrayed with 
two picture elements forming one cycle in the horizon- 40 
tal direction and with four picture elements forming one 
cycle in the vertical direction. The rows in the horizon- 
tal direction are identified as lines or rows li, h, l3» • • • 
, lg, . . . successively from a certain row. From the left 
toward the right in the horizontal direction, filters Ye 45 
and G are alternately and repeatedly arranged in the 
horizontal rows It and .5, . . . ; filters Cy and G are 
alternately arranged in the next rows h and 16, ... ; 
filters Ye and G in the next rows band I7, — ; and filters 
G and Cy in the next rows U and Is, 

FIG. 4 is a diagram schematically showing the mag- 
nitudes of the outputs of the color signals from the 
respective picture elements, formed with the aforemen- 
tioned color filters, in the case of the field storage opera- 
tion. These color signals result from an array of filters, 
as shown in FIG. 3. The letters B, G and R respectively 
denote a blue signal, a green signal and a red signal, the 
ratios of which are set at 1:1:1. As illustrated in FIG. 4 t 
when the output signals are averaged, J B + 2G -h J . R is 
obtained. This combination of signals is used as the 
luminance signal. 

The blue signal is superposed as a modulation compo- 
nent i B cos cut with two picture elements forming one 
cycle in the horizontal direction. Here, o> denotes an 
angular frequency which corresponds to the cycle of 65 
two picture elements. The red signal is superposed as a 
modulation component J R cos a) t with two picture 
elements forming one cycle in the horizontal direction. 



50 



become the luminance signal Y, which is applied to a 
color encoder $. As indicated by the above equations, 
the luminance signal has a component of i B-f-2G+ J R. 
Besides, the output signal of the IL-CCD imaging ele- 
ment 6 becomes a low frequency luminance signal when 
sent through a low-pass filter 9, having a pass band 
which is lower than that of the low-pass filter 6. The 
luminance signal is applied to a subtracter circuit 10. 
Further, the output signal of the IL-CCD imaging ele- 
ment 6 can separate the modulation components by 
passing them through a band-pass filter 11 having a 
center frequency which is a frequency corresponding to 
the recurrence cycle of two picture elements in the 
horizontal direction. 

The modulation component T{li-f h) of the lines or 
rows I1+I2 is indicated by the following equation: 

rt/i + h}= I B cos *r+ ft R cos mt 

The modulation components of the I3+U rows, 
I2+I3 rows and I4+I5 rows are indicated by the fol- 
lowing equations: 



55 



60 



T{1} + U) = -lBcaa*t + iRcauat 
T{1) + h) - i Jcoswf + i*cos*»/ 
TVa + h) =» - IBtoswf + iJtcosotf 

The output of the band-pass filter 11 is delayed by one 
horizontal scanning period, by means of a delay line 12. 
When the output of the band-pass filter 11 and the out- 
put of the delay line 12 are added by an adder circuit 13, 
the modulation component of the red signal is sepa- 
rated, as indicated by each of the following equations: 

rfo+a+Tft+tf-* cose-* 

Tih+h}+T{t4+h)=R cos <*t 
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When the output of the delay line 12 and the output elements forming one cycle in the horizontal direction, 

of the band-pass filter 11 are subtracted by a subtracter The blue signal is superposed as a modulation compo* 

circuit 14, the modulation component of the blue signal nent B cos o>t t with two picture elements forming one 

is separated, as indicated by each of the following equa- cycle in the horizontal direction, 

tions: 5 The output signal S{b +b) of lines or rows b +b is 



Tih + h) - T{U+ li=Bc<n at 



indicated by the following equation: 

S{/l+*2>=3/2 R+lG+B+k R cos cos of 



' _ « . 10 In the output signal of lines or rows lj + lathered signal 

• f S ?S!f ted - m f ulatIOn C °j np ? n ? ltS ° f is modulated in the opposite phase and the blue signal is 

a^Wue dg^hen th^red rignal and blue signafare ^T?*^™^^^^ 

subtracted torn the low frequency luminance in of rows 1 3 +U are indicated by the foUowutg 

the subtracter circuit 10, the green signal is obtained. ^ on- 

The luminance signal, green signal, red signal and blue aft+«-i/2 R+20+B-i R «. «+ « a» »< 
signal thus obtained are applied to the color encoder 8, 

to obtain a jcolor television signal. The outputs S{l 2 +b} and S{U+1 5 } of other fields 

The IL-CCD imaging apparatus, having the color ... . \ r „ 

, v j. j . ♦ Ua 20 are indicated by the following equations: 

filters as shown in FIG. 3, has a disadvantage to be J ° n 

described below. In FIG. 3, the row 1 3 , for example, is s{/ 2 +/ 3 }-3/2 ;i+2G+ B-k R cos cos *< 
the repetition of filters Ye and G and, therefore, pro- 
duces no signal for blue light. This absence of blue s{u+h}=i/2R+2Q+B+l R cosoir+Jcosotr 
signal has led to the disadvantage that, even when a blue 

linear image falls on the picture elements of the row b, j n tnc horizontal scanning periods of the b+b rows 

the corresponding signal is not included in the output md of thc j 4+ | 5 r0WS| th e red signals are modulated in 

signal of the IL-CCD imaging element. the opposite phases, and the blue signals are modulated 

More specifically, the color filters have the recur- m thc samc phases, 

rence cycles of two picture elements in the horizontal xh c output signa i from the solid-state imaging ele- 

direction and four picture elements in the ^vertical direc- ment of ^ soiid.^ imaging apparatus of the first 

tion. In the resulting recurrence unit of eight picture ^bod^t of ^ invention is decomposed into the 

elements there are oriy two picture dements which tamima igii4 gfC ^ 

give the blue signal. There are also only two Picture fc ^ shown ^ Fia 5 . ^ color tclcvi3ion 

elements which give the red signal This has led to the * ^ 
^vanugethat^when^ 35 

the rence cycles of two picture elements in the horizontal 

arrangement of color fiLs and the mutual relation- ■ ' four picture elements m the vertical direc- 

ships between the color filters and picture elements'* a *»• * the resjdtmg recurrence unit of eight picture 

first embodiment of this invention. The plurality of * six picture elemente provide the red signals 

picture elements 1 are arranged regularly in both the *>ur P^e elements provide the blue signal. These 

horizontal direction and the vertical direction. The Picture elements are a half or more of the total number, 

color filters are formed on the respective picture ele- FIG. 6, any horizontal row includes picture elements 

ments 1. The letter W indicates the color filter which is which give the red signal. For this reason, even when a 

transparent and is herein sometimes called a white color 45 linear red image corresponding to one horizontal row 

filter. The white or transparent color filter transmits enters, by way of example, the corresponding signal is 

blue, green and red light. The color filters are arrayed in included in the output signal of the IL-CCD imaging 

a cycle of two picture elements in the horizontal direc- element The same applies to the blue signal. The solid- 

tion and of four picture elements in the vertical direc- state imaging device according to this invention has the 

tion. The rows in the horizontal direction are succes- 50 large numbers of picture elements for providing the red 

sively identified by b, b, b Is. ... » beginning with signal and blue signal. It can produce a faithful output 

a certain row. From the left toward the right in the signal even when a very fine pattern in red or blue 

horizontal direction, the transparent and green filters W enters. 

and G are alternately and repeatedly arranged in the In a second embodiment (FIG. 8) of this invention, 

horizontal rows li and b, . . . ; the transparent and yel- 55 from the left toward the right in the horizontal direc- 

low filters W and Ye are in the next rows b and 1& . . . tion, transparent and yellow color filters W and Ye are 

; the cyan and yellow filters Cy and Ye are in the next repeatedly arranged in the horizontal rows It and b, - . 

rows b and b, . . . ; and the transparent and yellow filters . ; transparent and cyan filters W and Cy in the next 

W and Ye are in the next rows U and 1$. rows b and 1& . . . ; filters Ye and W in the next rows b 
FIG. 7 is a diagram schematically showing the mag- 60 and I7,-. . . ; and filters W and Cy in the next rows U and 

nitudes of the outputs of the color signals taken from the 1 8 . ? 

respective picture elements formed with the aforemen- The output signals of respective horizontal scanning 

tioned color filters in the field storage which cone- lines in the field storage operation are indicated by the 

sponds to FIG. 6. As illustrated in FIG. 7, the average following equations: 
value of the output signals is 3/2 R+2G+B, which is 65 . ; 

used as the luminance signal. In the output signal of ^ + w _ 3/2R + 2G + 2/2B + iRcos<at ^ i&OS(tf , 

lines or rows b+b» the red signal is superposed as a S {/ 3 + / 4 } = 3/2* + 2G + 3/2£ + j/tcoso>r -1 \Bco**t 

modulation component | R cos a>t, with two picture • sVi + h} = 3/zr + 1G + 3/25 + iRcostat -* iSco$«/ 
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-continued namely, green and red light, and filter Cy transmits 

s{U + /5> = 3/2* + 20 + 3/2* + knee** + i&osor cyan light, namely, blue and green light. The color 

filters W* and Ye* exhibit the characteristics that trans- 
The color filter in the second embodiment has the mission factors for the red light are controlled in a range 
recurrence cycles of two picture elements in the hori- 3 of at least 25% to at most 75% of the red light that is 
zontal direction and four picture elements in the vertical transmitted by color filters W and Ye. They exhibit red 
direction. In the resulting recurrence unit of eight pic- transmission characteristics of 50% of the light that is 
ture elements, six picture elements give the red signal transmitted by the color filters W and Ye, in the present 
and six picture elements give the blue signal. embodiment. 

In a third embodiment (FIG. 9) of this invention, 10 The spectral characteristics of the respective color 
extending from the left toward the right white and filters are illustrated in FIG. 14. 
green filters W and G are repeatedly arranged in the The color filters are arrayed at a cycle of two picture 
horizontal rows li and Is, ... ; transparent filters W and elements in the horizontal direction, and at a cycle of 
W in the next rows hand 1* ... ; yellow and cyan filters four picturc dements in the vertical direction. Rows in 
Ye and Cy in the next rows band b, . . . ; and filters W 15 ^ horizollta i direction are identified as h, fa. 1* ... . Is, 
andW in the next rows U and 1 8 . successively from a certain row. From the left 

The output sipials of the respective horizontal scan- toward ^ ^ m ^ horizontal direction, transparent 
mng hnes in the field storage operation are indicated by ^ green ^ w and G arc repeatedly arranged in 
the following equations: ^ horizontal rows h md l$f t m t . flltcrs Wk ^ YeR [ n 

20 the next rows hand U, . . . ; filters Cy and Ye in the next 
s 9f + # " + + + ! o cosw/ + 1^ rows h and 1 7 , . . . ; and filters W* and Ye/? in the next 

Sik + h} = 3/ZR + 2G + 3/25 + J/lcowr - i£cosa>; r0W ii* ™ . 8 ' ** ' * . _ . , 

sik + 1$) = 3/2* + 2G + 3/ib + tRctxat + Jficoso/ FIG. 15 is a diagram schematically showing the mag- 

nitudes of the outputs of the signals from the seventh 
The color filter in the third embodiment has the re- 25 embodiment. As illustrated in FIG. 15, the output signal 
currence cycles of two picture elements in the horizon- of lines or rows li+h, the red signal is superposed as a 
tal direction and four picture elements in the vertical modulation component i R cos cat with two picture 
direction. In the resulting recurrence unit of eight pic- elements forming one cycle in the horizontal direction, 
ture elements, six picture elements give the red. signal The blue signal is superposed as a modulation compo- 
and six picture elements give the blue signal 30 nent B cos art with two picture elements forming one 

FIGS. 10, 11 and 12 show color filters used in fourth, cycle in the horizontal direction, 
fifth and sixth embodiments which are identical to the On the other hand, a luminance signal which has the 
color filters in the first, second and third embodiments average value of the output signals is R+2G+B. This 
shown in FIGS. 6, 9 and 9, respectively, except that the is, the output signal S{li +h} of lines or rows h +h is 
filters Cy and Ye are exchanged with each other. The 35 indicated by the following equation: 
color imaging apparatus using the color filters shown in 

FIGS. 10, 11 and 12 can also produce the output signals s{/i+/2}=K+2G+£-H R cos oi/+fl cos «f 

which are like those produced in the first to third em- 
bodiments. In the output signal of lines or rows b +U, the red signal 
The luminance signal produced by each of the fifth 40 is modulated in the opposite phase and the blue signal is 
and sixth embodiments is (3/2 R+2G+3/2 B), as de- modulated in the same phase with respect to the corre- 
scribed above. As before, the ratio of the quantities of spending components of the output signal of lines or 
red, green and blue light is designated RGB when a rows 1 1+I2. The output signal S{h+U} of lines or rows 
standard tungsten lamp is used for imaging illumination. I3 + U is indicated by the following equation: 
The luminance signal, therefore, has an excess red com- 43 

ponent with respect to, for example, s{/3+/4}-*+2<7+*-i R cos a>/+5 

0.3R+O.59G+0.11B in the NTSC. With the color im- 
aging device shown in FIG. 5, the quantity of the sub- The outputs SO2+I3} and S{U+ls} of other fields 
traction of red for separating the green signal becomes are indicated by the following equations: 
very large, and the S/N (signal-to-noise) ratio of the 50 

green signal is greatly and adversely affected by the red S{/ 2 +/j}=/1+2<7+£- J R «* at+B cos «r 

signal. On the other hand, if the R, B, Y system is em- 
ployed for forming color difference signals from the s{b+l s }=R+2G+B+k R cos m+b cos *r 
luminance signal (3/2 R+2G+3/2 B) and the red and . 
blue signals without demodulating the green signal, the 55 or rows h+b and I4+I5, the red signals are 
S/N ratio may not be reduced, but there is an inevitable modulated in the opposite phases, and the blue signals in 
degradation in the color reproducibility. thc samc Phases. 

FIG. 13 is a schematic partial plan view of a seventh As is apparent from the above, the luminance signal 
embodiment showing the arrangement of color filters can have the red component reduced sharply from, the 
and the mutual relationship between the color filters 60 luminance signal 3/2 R+2G+B described in conjunc- 
and picture elements, in a solid-state imaging apparatus. ti°n with FIG. 6, to R+ 2G+ B without any lowering in 
In FIG. 13, the plurality of picture elements are regu- the modulation degrees of the red signal and the blue 
larly arranged in a horizontal direction and a vertical signal with respect to the color filter arrangement in the 
direction. The color filters are formed on the respective first and fourth embodiments. The above measure is 
picture elements. The letter W indicates the color filter 65 based on reducing the red signal component with note 
which is transparent. The transparent color filter trans- taken of the fact that the rows I2, U, U and U do not at 
mits blue, green and red light The color, filter G trans- all contribute to the modulation component of the red 
mits green light, filter Ye transmits yellow light, signal. Also, the red signals of these horizontal rows 
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merely contribute to the luminance signal. In addition, The output signals of respective horizontal scanning 

there are six picture elements containing the red signals lines in the field storage operation are indicated by the 

among either picture elements, which is to that in the following equations; 
prior art The signal quantity of each of two of the six 

picture elements is reduced to i Four among the eight 5 + /j} _ R + 2C + B + - kRc(aat + kBcosat 

picture elements contain the blue signals, and the signal sih + U) = R + 1G + B - Vtcotat + iBcosut 

quantity is not changed at all. Even when a very fine s{k + h) = & + ig + b - \Rcosat + Jbcoso)/ 

pattern in red or blue enters, a faithful picture is ob- + = * + 20 + B + kR***t + kBcosat 
tained which is scarcely different from that in the prior 

art. 10 the adjacent horizontal scanning line periods, the 
The seventh embodiment has been explained relative ^ ue signals are modulated in the same phases, and the 
to the case where the red signal component derived fed signals in the opposite phases. Also, in the present 
from the filters or Ye* is 50% of the component embodiment, both the red and blue signal components 
derived from the filters W or Ye. When the percentage decrease to give a luminance signal R+2G+B in con- 
is below 25%, the red component of the luminance 15 trast to the luminance signal 3/2 R +2G+ 3/2 B de- 
signal is further reduced, and it can be expected to en- scribed in connection with FIG. 8 employing the color 
hance the S/N (signal-to-noise) ratio and the color re- filters, W, Cy and Ye. The modulation components of 
producibility. With such a slight component of the red the signals R and B are equal to those described above, 
signal, however, the picture element containing the red Thus, the S/N ratios of the color signals of red and blue 
signal or the sampling point of red is no longer useful, 20 do not degrade. The color reproducibility is good, and 
and the faithful reproduction of a very fine pattern a faithful picture which scarcely differs from that in the 
becomes difficult In contrast, when the percentage of prior art is produced for a very fine pattern in red or 
the red signals derived from the filters W* or Ye/t is blue. 

above 75%, the effect of reducing the component of the The filters in FIG. 16 can be readily realized in prac- 
red signal in the luminance signal is hardly achieved, 25 tice in such a way that, after the yellow and cyan Ye 
and the enhancements of the S/N ratio and the color and Cy filters have been formed, thin yellow filters, 
reproducibility cannot be desired over the color filter with which the transmission factor for the blue compo- 
arrangement in FIG. 6. Thus, the proper red signal nent becomes at least 25% to at most 75%, are super- 
components of filters W/j and Ye* are in the range of at posed on the respective horizontal rows li, b, I5, \j, . . . 
least 25% to at most 75% of the components of filters W 30 . Thin cyan filters having the transmission factor for the 
and Ye. red component becomes at least 25% to at most 75% 
Using the output signals from the solid-state imaging and are superposed on the respective horizontal rows b, 
element of the solid-state imaging device which is the I4, 1$, lg, . . . . 

embodiment according to the present invention, a color FIG. 18 is a schematic partial plan view showing the 
television signal is produced by a device similar to the 35 layout of color filters and the mutual relationships be- 
single-plate color imaging apparatus as shown in FIG. tween the color filter and picture elements in a SOUL- 
S' state imaging apparatus, according to a ninth embodi- 

The filters in FIG. 13 can be readily realized in prac- ment of the present invention. The color filters are 

tice in such a way that the rows h, U. U and lg are arrayed at a cycle of two picture elements in the hori- 

formed by the repetition of the transparent and yellow 40 zontal direction, and at a cycle of four picture elements 

color filters W and Ye, similar to the prior art. Thin in the vertical direction. The filter W transmits red, 

cyan filters by which the transmission factor for the red green and blue light, filter G green light, filter Cy blue 

component is at least 25% to at most 75% are super- and green light, and filter Ye green and red light. The 

posed on the respective horizontal rows. filter W/y* exhibits the characteristics that transmission 

FIG. 16 is a schematic partial plan view showing the 45 factors for the red and blue lights arc respectively con- 
layout of color filters and the mutual relationships be- trolled to at least 25% to at most 75% with respect to 
tween the color filters and picture elements in a solid- those of the filter W. In the present embodiment, filter 
state imaging apparatus, according to an eighth embodi- W jur exhibits transmission characteristics of 50% for 
ment of this invention. The color filters are arrayed at a both rcd and blue in comparison with those of the filter 
cycle of two picture elements in the horizontal direction 50 \y as illustrated in FIG. 19. 

and a cycle of four picture elements in the vertical di- The color filters are arrayed by the repetition of fil- 

rection. The transparent-blue and cyan-blue color filters ters W and G in lines or rows li and I5, . . . ; by the 

W fl and Cys exhibit the characteristics that transmission continuation of filter VTrs throughout the horizontal 

factors for blue are controlled in a range of at least 25% direction in lines or rows 1 2 , U, k and l 8l . . . ; and the 

to at most 75% of the blue transmission factor of the 55 repetition of filters Cy and Ye in lines or rows 1 3 and 1 7 , 
color filter W*. In the present embodiment, they exhibit 

blue transmission characteristics of 50% of the blue ' output ^3 c f respective horizontal scanning 

transmission characteristics of the color filter W*. The lincs m the field storage operation are indicated by the 

color filters W/j and Ye* exhibit the red transmission following equations: 

characteristics of 50% of the red transmission charac- 60 

teristics of the color filter Wj as in the foregoing em- r . 

bodhnent Spectral transnnssion is depicted in FIG. 17 Jj J £ = J J £ J J + J 

for the color filters used in FIG. .16; s </ 2 + h} « R + 2C + B - {Rzaiut + \Bcou»t 

The color filters are arranged by repeating filters W^ s{U + (5) = R +. 2C + B +. tAcoui* + i£cosur 
and Cyj in rows \\ and I3, filters W* and Yej? in the 65 

next rows h and 1& . . . ; filters Cy* and W fl in the next In the adjacent horizontal scanning line periods, the 

rows h and b, . . . ; and filters W* and Ye* in the next blue signals are modulated inithe same phases, and the 

rows U and Is, ... . red signals in the opposite phases. Also, in the present 
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embodiment, both the red and blue signal components 2. An array of color filters for controlling the color of 

decrease to afford a luminance signal R+2G+B m light falling on a corresponding array of picture ele- 

contrast to the luminance signal 3/2 R+2G+3/2 B ments in a solid-state imaging apparatus, said color 

described in conjunction with FIG. 8 employing the filters and said picture elements being arrayed in rows 

color filters W, Cy and Ye. Meanwhile, the modulation 5 and columns with two horizontally adjacent and four 

components of the signals R and B are quite equal to vertically adjacent color filters making a recurring 

those in the prior art. Thus, the S/N ratios of the color cycle of eight color filters, said color filters being ar- 

signals of red and blue do not degrade, and the color ranged so that the picture elements arranged along each 

reproducibility is good. Besides, a faithful picture which row corresponding to said recurring cycle of eight 

is scarcely different from that in the prior art is pro- 10 color filters contain at least one picture element for 

duced for a very fine pattern in red or blue. generating an output signal representative of red light 

The filters in FIG. 18 can be readily realized in prac- and at least one picture element for generating an out- 

tice in such a way that, after the white filters W have put signal representative of blue light, wherein said 

been formed, thin yellow and cyan filters are super- recurring cycle comprises a first vertical column of two 

posed along the horizontal rows h, U» U> h, and so forth. 15 white filters, a cyan filter and a white filter adjacent a 

The thin yellow filters are such that transmission factor second vertical column of a green filter, a white filter, a 

for the blue component becomes at least 25% to at most yellow filter, and a white filter, individual color filters 

75%. Thin cyan filters are such that transmission factor in said first and second vertical columns being respec- 

for the red component becomes at least 25% to at most tively next to each other to form four horizontal rows, 

75%. 20 each with two color filters. 

The output signals from the solid-state imaging ele- 3. An array of color filters for controlling the color of 
ment of the solid-state imaging apparatus of the eight or light falling on a corresponding array of picture ele- 
nine embodiments produce a color television signal by ments in a solid-state imaging apparatus, said color 
the use of a device similar to the single-phase type color filters and said picture elements being arrayed in rows 
imaging apparatus as shown in FIG. 5. Moreover, they 25 and columns with two horizontally adjacent and four 
produce a quite similar color television signal by the use vertically adjacent color filters making a recurring 
of a method wherein signals delivered in units of the cycle of eight color filters, said color filters being ar- 
picture elements of each horizontal scanning line and ranged so that the picture elements arranged along each 
signals are delayed by IH by means of a CCD delay row corresponding to said recurring cycle of eight 
line. These signals are respectively sampled and held, 30 color filters contain at least one picture element for 
red and blue signals are separated by a matrix calcula- generating an output signal representative of red light 
tton, and a luminance signal is separated by a low-pass and at least one picture element for generating an out- 
fitter, put signal representative of blue light, wherein said 

In case of a color filter arrangement in which the recurring cycle comprises a first vertical column of a 

positions of the cyan filters Cy and the yellow filters Ye 35 first type of white filter, a second type of white filter, a 

are replaced with each other in the color filter arrange- cyan filter and a second type of white filter adjacent a 

ment shown in FIGS. 13, 16 or 17, the effects intended second vertical column of a green filter, a first type of 

by the invention are similarly achieved by quite the yellow filter, a second type of yellow filter, and a first 

same technique. Needless to say, even when applied to type of yellow filter, the second type of white filter 

a frame transfer CCD imaging element, the invention 40 transmitting red light in the range of 25%-75% of the 

brings forth quite the same effects as in the interline red light transmitted by the first type of white filter, and 

transfer CCD. the first type of yellow filter transmitting red light in the 

Those who are skilled in the art will readily perceive range of 25%-75% of the red light transmitted by the 

how to modify the invention. Therefore, the appended second type of yellow filter, individual color filters in 

claims are to be construed to cover all equivalent struc- 45 said first and second vertical columns being respec- 

tures which fall within the true scope and spirit of the tively next to each other to form four horizontal rows, 

invention. each with two color filters. 

What is claimed is: 4. An array of color filters for controlling the color of 

1. An array of color filters for controlling the color of light falling on a corresponding array of picture de- 
light falling on a corresponding array of picture ele- 50 ments in a solid-state imaging apparatus, said color 
ments in a solid-state imaging apparatus, said color filters and said picture dements being arrayed in rows 
filters and said picture elements being arrayed in rows and columns with two horizontally adjacent and four 
and columns with two horizontally adjacent and four vertically adjacent color filters making a recurring 
vertically adjacent color filters making a recurring cycle of eight color filters* said color filters being ar- 
cycle of eight color filters, said color filters being ar- 55 ranged so that the picture dements arranged along each 
ranged so that the picture elements arranged along each row corresponding to said recurring cycle of eight 
row corresponding to said recurring cycle of eight color filters contain at least one picture element for 
color filters contain at least one picture element for generating an output signal representative of red light 
generating an output signal representative of red light and at least one picture element for generating an out- 
arid at least one picture element for generating an out- 60 put signal representative of blue light, wherein said 
put signal representative of blue light, wherein said recurring cycle comprises a first vertical column of a 
recurring cycle comprises a first vertical column of two first type of white filter, a second type of white filter, a 
white filters, a yellow filter and a white filter adjacent a cyan filter and a second type of white filter adjacent a 
second vertical column of a green filter, a white filter, a second vertical column of a cyan filter, a yellow filter, 
cyan filter and a white filter, individual color filters in 65 a first type of white filter and a yellow filter, the second 
said first and second vertical columns being res pec- type of white filter and the yellow filter transmitting red 
tively next to each other to form four horizontal rows, light in the range of 2554-75% of the red light transmit- 
each with two color filters. ted by a white filter, and the cyan filter and the first type 
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of white filter transmitting blue light in the range of wherein output signals of each five rows of picture 

25%-75% of the blue light transmitted by a white filter, elements 1|, h, I3, U, I5 are grouped to provide interlaced 

individual color filters in said first and second vertical picture signals in a manner described by the formulas: 
columns being respectively next to each other to form 

four horizontal rows, each with two color filters. 5 S { /( + /2 } = R + 1G + B + j R ^ + B couatt 

5. An array of color filters for controlling the color of 

light falling on a corresponding array of picture ele- 5{h + /4}~/t + 2G + J — l R cost*/ + B co*uc 

ments in a solid-state imaging apparatus, said color c/f , , , D , t D . _ , D . . 

. . , . _ , 0 f.v ' , . SUi + h) = R + 2G + B - J R costtf + Bcosvt. and 

filters and said picture elements being arrayed in rows 

and columns with two horizontally adjacent and four 10 5{U + h) = R + 1G + B + \ R cos*/ + b cquou 
vertically adjacent color filters making a recurring 

cycle of eight color filters, said color filters being ar« where R=a signal representative of red light, G=a 

ranged so that me picture elements arranged along each signal representative of green light, and B=a signal 

row corresponding to said recurring cycle of eight representative of blue light. 

color filters contain at least one picture element for IS 7. An array color filter arrangement for a solid-state 
generating an output signal representative of red light imaging apparatus comprising a plurality of picture 
and at least one picture element for generating an out- elements arranged in horizontal rows and vertical col- 
put signal representative of blue light, wherein said umns, a plurality of vertical register means associated 
recurring cycle comprises a first vertical column of a with the columns of picture elements for transferring 
first type of white filter, a second type of white filter, a 20 charges from said columns of picture elements toward 
cyan filter and a second type of white filter adjacent a ends of the respective columns, horizontal register 
second vertical column of a green filter, a second type means at said ends of said vertical columns for serially 
of white filter, a yellow filter, and a second type of transferring said charges from said plurality of vertical 
white filter, the second type of white filter transmitting register means to form an output signal for each row of 
red and blue light in the range of 25%-75% of both the 25 picture elements, and an array of color filters positioned 
red and blue light transmitted by the first type of white in front of said picture elements to control the amount 
filter, individual color filters in said first and second of said charges as a function of the color of image light 
vertical columns being respectively next to each other falling on said picture elements, a horizontal arrange- 
to form four horizontal rows, each with two color fil- merit of said color filters repeating after each two col- 
ters. 30 umns and a vertical arrangement of said color filters 

6. An array color filter arrangement for a solid-state repeating after each four rows, whereby a resulting 
imaging apparatus comprising a plurality of picture cycle of eight color filters has a width of iwo filters and 
elements arranged in horizontal rows and vertical col- a height of four filters, said cycle of color filters being 
umns, a plurality of vertical register means associated repeated throughout said array of color filters, with at 
with the columns of picture elements for transferring 35 least one red transmitting color filter in each row of 
charges from said columns of picture elements toward each cycle, wherein output signals of each five rows of 
ends of the respective columns, horizontal register picture elements li, h, I3, U* Is are grouped to provide 
means at said ends of said vertical columns for serially interlaced picture signals in a manner described by the 
transferring said charges from said plurality of vertical formulas: 

register means to form an output signal for each row of 40 

picture elements, and an array of color filters positioned s{l\ + h} = R + ZG + B + k R cowr + J b cosur. 
in front of said picture elements to control the amount 

of said charges as a function of the color of image light s lh + '*> - * + 2G + B ~ 1 R CMat + i B cou »*' 

falling on said picture elements, a horizontal arrange- ^ + /j} m R + 2G + B _ s R Qouat + k B ^ ^ 
ment of said color filters repeating after each two col- 45 

umns and a vertical arrangement of said color filters S{U + t$} = R + 2G + B + IR co%vt + ft B couat. 
repeating after each four rows, whereby a resulting 

cycle of eight color filters has a width of two filters and where R=a signal representative of red light, G=a 

a height of four filters, said cycle of color filters being signal representative of green light, and B— a signal 

repeated said array of color filters, with at least one red 50 representative of blue light 

transmitting color filter in each row of each cycle, * * • * * 
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